Abstract. The control of dense phase pneumatic convening process is not a trivial task. 
Introduction
Process tomography systems are used in the industry for testing, diagnosing, monitoring, and industrial process control. They are well suited wherever the access to the researched facility is limited due to infrastructural considerations or due to the safety of people working in its surroundings. Capacitance tomography allows for the diagnosis of industrial processes for which other noninvasive visualization techniques are straitened e.g. measuring gas-solids multi-phase flows [16, 14, 5] . The use of other imaging methods often involves high costs of implementation and operation of measuring devices. Tomography can be adapted to different types of businesses and to the specific industry. With the use of capacitance tomography, a large number of images is provided, which causes the need for using appropriate methods for extracting process information from them. Advantages resulting from application of this technique include reducing losses in production as well as improvement of processing efficiency [6, 15, 13] . industries, namely power industry, steel industry, chemical and food industries, as well as for transshipments in rail, road or water transport. Its advantages result from the fact that it occupies the least space among all other possible transport means. It is also possible to place installations in almost any place of the working environment indoors and outdoors. It is also highly ecologically efficient and has low operating costs, providing little material loss during raw material transfers [15] .
Pneumatic conveying is the process of transporting bulk materials in a gas stream through a pipeline [7] . The flow pattern is dependent on the pressure gradient and the speed of the air intake as well as the quantity and type of transported material. The major problem with dense phase transport is possible pipeline blockages arising due to too low velocity and air pressure, causing material deposits in horizontal sections of pipelines. In such a case, the material can not overcome the force of gravity in the vertical section of pipeline, thus decreasing the flow and most of the granular material falls back down. On the other hand, too high air parameters cause increasing of a material speed and thus high friction between particles and pipeline. This in turn causes adverse electrostatic effects as well as wear-out of pipeline and crushing of material [10, 12] .
An important issue in the development of a pneumatic transport system is the determination of the influence of various parameters, inter alia velocity and material in pipeline distribution, on flow behaviour. Better understanding of flow phenomena allows to propose better control system and may lead to avoiding the unwanted material behaviour during flow. Proper monitoring and control of the pneumatic transport process provides knowledge about flow behavior, minimizing the occurrence of undesirable events and thereby increasing the overall efficiency of the pneumatic system, minimizing energy consumption, and reducing the loss of transported material [6] .
Laboratory setup
For flow analysis, a Capacitance Tomography System (ECT) was used to measure the material concentration in the horizontal section of installation. This system consists of a two-plane ECT sensor consisting of two 8-electrode measuring planes: A1 and A2 (see Fig. 1 ). Such ECT sensor constructor allows to study flow velocity, material distribution changes and mass flow rate. In Fig. 1 and PC system for the control of measuring process, data storing as well as for data processing and visualization. [8, 9] . Different values of these parameters serve to simulate different situations occurring in real applications [19] . In [1] . While studying literature in this field, it can be seen that the use of the cross-correlation techniques, based on two planes sensor, is commonly used method for velocity calculation [8, 3, 9, 16] . With this method is possible to obtain information about flow parameters such as material passage time, flow rate and mass flow rate in a unit of time.
ECT image processing
The main task of described image processing is analysis of flow velocity and material concentration distribu- 
where s is the distance between two selected installation points (in the case of tomographic systems -two sensor planes) and is known, and t is the time at which material is moving from first to the second point.
The above pattern and its components contain the time that is calculated using the correlation technique, based on the images from the first and second planes [8, 1] The maximum value of above function will be the point, where it reaches a maximum of correlation coefficient, the argument of this value will be an information about number of delay frames. When we multiply the value of offset by time period of a single frame, we calculate a product, which gives a transition time.
Results and discussion
During experiments polyamide beads, of approximately 3 cubic mm, were used. The flow patterns were changed by setting different parameters of air pressure module and material feeder module. It was possible to observe different mass flow rate. Additionally, the pipeline was modified by introducing a small semi-obstructing element into the pipeline, which changes flow behavior, as described in [11] . In Fig. 5 the element constraining the pipeline cross-section is presented. During measurements we fix various settings, including such that caused flow blockage as well. 
where X i is i-th image in first plane (A1), Y i is i-th image in second plane (A2); x i [j] is j-th pixel in first plane for i-th image, y i [j] j-th pixel in second plane for i-th image; m depicts number of frames in offset value; N k is number of frames for cross-correlation coefficient calculation; N s is the first frame for cross-correlation coefficient calculation. Figs. 9, 10 and 11 presents graphs for computed transit time value for flows #1a (Fig. 9) , #1b ( Fig. 10, and #2 ( Fig. 11) . 
